Study objective: The Verbal Numerical Rating Scale is the most commonly used self-report measure of pain intensity. It is unclear how the validity and reliability of the scale scores vary across children's ages. We aimed to determine the validity and reliability of the scale for children presenting to the emergency department across a comprehensive spectrum of age.
INTRODUCTION Background
Pain is one of the most common reasons that a child presents to the emergency department (ED). [1] [2] [3] The appropriate treatment of pain depends on the ability to readily and accurately assess a child's pain intensity. The Verbal Numerical Rating Scale is the most frequently used self-report measure of pain intensity in older children and adults with acute pain because of its simplicity and ease of use. [4] [5] [6] [7] [8] [9] [10] [11] It involves verbally asking for an estimate of pain intensity, using numbers from 0 (no pain) to 10 (maximal pain), and requires no equipment to administer or score.
Importance
The Verbal Numerical Rating Scale is frequently used for children with acute pain who are aged 8 years or older and has strong validity and reliability in this population. 10, 11 However, it is unclear whether the scale has strong psychometric properties in younger children or whether these properties vary according to patient characteristics. For example, children aged 7 years or younger are often considered unable to accurately use the Verbal Numerical Rating Scale because they lack the necessary developmental skills, although recent studies suggest otherwise. [12] [13] [14] In addition, the validity and reliability of Verbal Numerical Rating Scale scores may vary according to patient characteristics such as sex, race and ethnicity, or a child's primary language, which have been shown to be related to a child's ability to describe pain, as well as his or her perception of, sensitivity to, and experience with pain.
Editor's Capsule Summary
What is already known on this topic The Verbal Numerical Rating Scale, commonly used to assess pain intensity, is validated for children 8 years and older, but its utility in younger children is unknown.
What question this study addressed
The authors examined validity and reliability of the Verbal Numeric Rating Scale in pediatric emergency department patients aged 4 to 17 years.
What this study adds to our knowledge In this study of 733 children, convergent validity compared with the validated Faces Pain ScaleRevised, known-groups validity, responsivity, and reliability were strong in all ages, except that convergent validity was not strong for children aged 4 and 5 years.
How this is relevant to clinical practice
The Verbal Numerical Rating Scale may be used to assess pain in most children 6 years and older, but not in those aged 4 and 5 years.
particularly for children aged 7 years or younger because such findings would affect the generalizability and implementation of the Verbal Numerical Rating Scale for children presenting to the ED with acute pain.
Goals of This Investigation
We aimed to determine the validity and reliability of the Verbal Numerical Rating Scale for children presenting to the ED across a comprehensive spectrum of age (4 to 17 years) and other patient characteristics. Our main hypothesis was that children aged 4 to 17 years would demonstrate strong convergent validity (Pearson correlation coefficient !0.60) when the Verbal Numerical Rating Scale was compared with the Faces Pain Scale-Revised within older (8 to 17 years) and younger (4 to 7 years) age groups. Our secondary aims were to determine agreement (another measure of convergent validity), known-groups validity, responsivity, and reliability within older and younger age groups; and to determine convergent validity (Pearson correlation coefficient), agreement, known-groups validity, responsivity, and reliability within each year of age for 4 to 7 years for the purpose of identifying a potential lower age limit of validity for the Verbal Numerical Rating Scale. Our exploratory aims were to evaluate these types of validity and reliability in subgroups according to patient characteristics of sex, race or ethnicity, and primary language.
MATERIALS AND METHODS Study Design and Setting
We conducted an observational cross-sectional study in a pediatric ED with an annual census of approximately 55,000 visits. The institutional review board approved this study with verbal informed consent.
Selection of Participants
From April 2014 to March 2016, we enrolled a convenience sample of children aged 4 to 17 years with painful and nonpainful conditions as identified by the triage nurse and confirmed by the study team by asking children themselves whether they had "any pain" or "any hurt." Children who responded affirmatively were considered to have a painful condition. We excluded children if they had developmental delay or neurologic impairment, intoxication, altered mental status, a medical condition necessitating multiple painful procedures (eg, malignancy), a chronic disease associated with pain (eg, sickle cell disease), or if they did not speak English or Spanish.
Patients were enrolled according to study team availability, which was primarily from 9 AM to midnight on weekdays. To avoid enrolling only patients who did (or did not) appear to have a strong understanding of the pain scales, we completed enrollment for every patient who was approached, identified as being eligible, and consented to participate in the study.
Methods of Measurement
The Verbal Numerical Rating Scale was administered by asking, "On a scale from zero to 10, where zero means no pain and 10 means the most or worst pain, how much pain do you have right now?" The interaction was verbal, using no materials or equipment. We also asked children to selfreport their pain intensity by using the Faces Pain Scale-Revised to determine convergent validity of the Verbal Numerical Rating Scale. The Faces Pain Scale-Revised is a self-report pain measure with strong validity and reliability for children aged 4 to 17 years ( Figure 1) . [22] [23] [24] Each child was shown the faces, and standardized instructions were read in English or Spanish (http://www.iasp-pain.org/FPSR). For both the Verbal Numerical Rating Scale and Faces Pain Scale-Revised, the word "hurt" was used interchangeably with "pain," depending on what seemed most understandable for each child. Children were documented as not understanding the Verbal Numerical Rating Scale or Faces Pain Scale-Revised if they did not respond or responded with a nonnumeric response or a number outside the 0 to 10 range, when asked twice.
Data Collection and Processing
Study team members were trained to collect and record data in a standardized fashion, using the same procedures and standardized data collection forms for all patients. A study team member prospectively collected data that included demographics such as age, sex, race/ethnicity, and primary language.
Two serial assessments of pain intensity were performed for each child, first on the Verbal Numerical Rating Scale and then on the Faces Pain Scale-Revised. For children with painful conditions, an analgesic was administered at the treating physician's discretion after the first assessment, and the child was reassessed 30 to 60 minutes after the analgesic was administered. For children with nonpainful conditions or children with painful conditions who did not receive an analgesic, the second pain assessment was performed 30 to 60 minutes after the first. During the second assessment, if the child had received an analgesic, they were asked, "Is your pain much less, a little less, about the same, a little worse, or much worse compared with before you got your medicine?" If the child did not receive an analgesic, he or she was first asked the same question, but with the phrase ".compared with how you felt about [number of minutes since last assessment] ago?" When this question was not understood, we used ".compared with how you felt the last time I asked you how much pain or hurt you had?"
Outcome Measures and Primary Data Analysis
Data for children identified as not understanding the Verbal Numerical Rating Scale were removed from analyses and described separately. For the remaining children, we evaluated the validity of the scale according to the typical criteria of convergent validity, known-groups validity, and responsivity. We also assessed the test-retest reliability, which describes the overall consistency of a measure under similar conditions and across time.
Convergent validity refers to the degree to which 2 different scales that are purported to measure the same construct (eg, pain) produce similar results. We assessed convergent validity in patients who understood both the Verbal Numerical Rating Scale and Faces Pain Scale-Revised in 2 ways: first, we determined the Pearson correlation coefficient between Verbal Numerical Rating Scale and Faces Pain Scale-Revised scores; and second, we determined the simple agreement between these scores. The strength of correlation was described as 0 to 0.19¼very weak, 0.20 to 0.39¼weak, 0.40 to 0.59¼moderate, 0.60 to 0.79¼strong, and 0.80 to 1.0¼very strong. 25 Correlation was also evaluated in subgroups based on age after adjusting for anchor bias, a tendency for young children (especially those <5 years) to select the extremes on scales. 15, 24, 26 This adjustment involved recalculating Pearson correlation coefficients after removing data for children who scored 10/ 10 on both the Verbal Numerical Rating Scale and Faces Pain Scale-Revised for the same assessment. We evaluated simple agreement by determining the proportion of children who had a difference between the first Verbal Numerical Rating Scale and Faces Pain Scale-Revised scores of less than 2 points. We determined a priori that agreement was strong if at least 80% of scores fell within 20% of scale range (ie, AE 2/10). 24, 27 Known-groups validity is demonstrated when a measure can discriminate between groups of individuals with versus without a particular known trait. We assessed knowngroups validity for children with painful and nonpainful conditions who were matched by year of age and sex. The expectation was that self-reported Verbal Numerical Rating Scale scores would discriminate children with painful conditions from those without painful conditions (ie, nonpainful conditions). We used the independent-samples t test to compare the first mean Verbal Numerical Rating Scale scores for children with painful conditions to those with nonpainful conditions, with the expectation that Verbal Numerical Rating Scale scores should be greater for children with painful conditions by at least a clinically meaningful difference (ie, 1/10). 28 Responsivity to pain-producing or pain-relieving events is another way to demonstrate construct validity. We expected that Verbal Numerical Rating Scale scores should decrease after analgesic administration. We determined responsivity for children with painful conditions who received an analgesic and reported a change in pain that was "much less" or "a little less" by comparing the means of the first and second (ie, postanalgesic) Verbal Numerical Rating Scale scores, using the paired-sample t test. We assessed children with nonpainful conditions in a similar fashion, but with the expectation that there should be no difference between first and second scores.
Reliability describes the overall consistency of a measure under similar conditions and across time. We determined test-retest reliability for children who reported that their pain was "about the same" by comparing the Verbal Numerical Rating Scale scores from the first and second assessments. First, we determined the Pearson correlation coefficient of the 2 assessments. Second, we described the absolute differences between the 2 scores to evaluate the degree to which pain scores were consistent from one assessment to the next. We determined a priori that reliability was strong if the Pearson correlation was greater than 0.60 and if more than 80% of children had an absolute difference of less than or equal to 1.
The subgroups of patient ages that were analyzed for convergent validity, known-groups validity, responsivity, and reliability included younger (4 to 7 years) and older (8 to 17 years) (age group), and children aged 4, 5, 6, and 7 years (each year of age within the younger group). The subgroups of other patient characteristics analyzed included female and male sex; Hispanic or Latino, black, white, or other (race/ ethnicity); and English and Spanish (primary language). We also conducted an analysis of agreement and reliability based on grouped initial pain scores, with the groups representing categories of no pain and mild, moderate, and severe pain intensity (0, 1 to 3, 4 to 6, and 7 to 10, respectively). [29] [30] [31] [32] Sample size was based on the desired precision of our estimate of convergent validity (ie, correlation) between the Verbal Numerical Rating Scale and Faces Pain Scale-Revised for children in each of the older and younger age groups. We aimed to enroll at least 300 patients in each of the older and younger age groups to have a 95% confidence interval (CI) of no more than AE 0.02 for correlation in each of the 2 age groups. By enrolling at least 100 patients in each of the younger years of age (4, 5, 6 , and 7 years), we would achieve a 95% CI of AE 0.04 for correlation within each younger year of age. Enrolling at least 300 patients in each of the older and younger age groups was also sufficient to achieve an a¼0.05 and power¼0.90 for detecting a clinically meaningful difference in pain of 1/10 within each of the 2 age groups and within each younger year of age, and for evaluating knowngroups validity and responsivity. 28 We did not base our sample size on patient characteristics other than age. The software used for statistical analysis was SPSS (version 24; IBM Corporation, Armonk, NY). 
Responsivity
-217 children with painful conditions who received analgesics and reported their pain became "much less" or "a little less"
Reliability
-300 children with first and second pain assessment scores reported to be "about the same"
Known-Groups Validity
-269 pairs of children with painful and nonpainful conditions matchable by year of age and sex (538 children total)
Convergent Validity
-731 children who understood both vNRS and FPS-R 
RESULTS

Characteristics of Study Subjects
We enrolled 760 children; data for 27 children were removed from analyses because they did not understand the Verbal Numerical Rating Scale. The number (and proportion) of children whose data were removed from analysis in each age group was 14 (14%) aged 4 years, 7 (7%) aged 5 years, 5 (5%) aged 6 years, and 1 (1%) aged 7 years. All children aged 8 years or older understood the Verbal Numerical Rating Scale. Figure 2 shows the number of children analyzed for each type of validity and reliability. Table 1 shows the characteristics of the patients analyzed. Table E1 (available online at http://www.annemergmed. com) shows the number of older children enrolled by year of age. The mean age for the total sample was 8.9 years (SD 4 years); for children with painful conditions, it was 9.6 years (SD 4.1 years); and for children with nonpainful conditions, it was 7.9 years (SD 3.6 years). The difference in years of age between children with painful and nonpainful conditions was statistically significant (1.7 years; 95% CI 1.2 to 2.3 years). The median times to pain score reassessment for children with painful and nonpainful conditions were 37 minutes (interquartile range [IQR] 32 to 47 minutes) and 34 minutes (IQR 30 to 41 minutes), respectively. The difference in time to pain score reassessment between children with painful and nonpainful conditions was statistically significant (3.5 minutes; 95% CI 1.5 to 5.6 minutes). Table E2 (available online at http:// www.annemergmed.com) shows the types of analgesic administered to children with painful conditions according to their initial Verbal Numerical Rating Scale pain score.
Main Results
Pearson correlation coefficients between the Verbal Numerical Rating Scale and Faces Pain Scale-Revised for 731 children are shown in Table 2 . The correlations for the overall sample and for the older age group were very strong. The correlations were strong in the younger age group, including all years of age except for children aged 4 years, for whom correlation was moderate. Table 3 shows the correlations in each year of age after adjusting for anchor bias. The correlations remained very strong for children aged 8 to 17 years, decreased but remained strong in those aged 6 and 7 years, were moderate in those aged 5 years, and were weak in those aged 4 years.
We evaluated agreement for 731 children and found that 81.9% had strong agreement (Table 4 ). There was poor (ie, not strong) agreement between the Verbal Numerical Rating Scale and Faces Pain Scale-Revised for children in every year (Table 5) .
We compared all available pairs of children with painful and nonpainful conditions who could be matched by year of age and sex (269 pairs; 538 children total). Pain scores in the total sample were higher for the children presenting with painful conditions (Table E3 , available online at http://www.annemergmed.com). There was a similar difference in pain scores between the painful and nonpainful groups when we analyzed the subgroups based on age group, year of age in the younger age group, sex, race/ethnicity, and primary language (Table E3 , available online at http://www.annemergmed.com).
We evaluated 217 children with painful conditions who received an analgesic and reported a change in pain of "much less" or "a little less" (78 and 139 children, respectively) at the second pain assessment, and found a difference in Verbal Numerical Rating Scale scores of 3.5 (95% CI 3.1 to 3.9) between before versus after the analgesic was given (Table E4 , available online at http:// www.annemergmed.com). There was a similar difference identified in all subgroups. For 302 children with nonpainful conditions, there was no difference in Verbal Numerical Rating Scale scores between the first and second pain assessments in the total sample or any of the subgroups (unpublished data).
We evaluated 300 children who reported their pain was "about the same" between the first and second Verbal Numerical Rating Scale assessments and found that the Pearson correlation coefficient between these 2 assessments for the total sample was 0.87, 0.74 for the younger and 0.97 for the older age groups. The correlation coefficients for children aged 4 years, those aged 6 years, and other race or ethnicity were 0.69, 0.66, and 0.70, respectively. The correlation coefficients for the remaining subgroups were all greater than 0.82. The median absolute differences between the first and second Verbal Numerical Rating Scale assessments were 0 (IQR 0 to 1) in the total population and 0 (IQR 0 to 1) and 0 (IQR 0 to 0.5) in the younger and older age groups, respectively. The absolute difference was less than or equal to 1 for 89.7% of children. Table 6 shows that more than 80% of children in all subgroups based on patient characteristics had an absolute difference less than or equal to 1; only children with an initial pain score of 4 to 6 out of 10 did not.
LIMITATIONS
Limitations of the study include enrolling a convenience sample rather than consecutive patients, although our sample included a diverse representation of conditions and a wide distribution of pain intensities. Although selection bias could have occurred because of convenience sampling, bias was less likely because investigators were unable to discern each child's ability to use or understand the pain scales before being approached for the study. Furthermore, study team members did not enroll according to any preceding interaction or after speaking with the child. All patients who were approached, identified as being eligible, and consented to participate in the study completed enrollment.
The majority of children with painful conditions received nonopioid oral analgesics or did not receive any analgesics, which could be interpreted to reflect a population with lower pain severity. However, in light of the large proportion of children who reported pain scores that typically represent severe pain intensity (!7/10), it is likely that this pattern of analgesic administration is reflective of the practice of using nonopioid analgesics more frequently for children compared with adults or the undertreatment of pain in children in general. [33] [34] [35] We did not randomize the order in which the 2 pain scales were presented when assessing convergent validity, which could have introduced order effects in which the first score influenced or constrained the second. However, we elected to consistently administer the Verbal Numerical Rating Scale first to avoid such influence or constraints on the scale scores because in clinical practice, only one scale would be used, and therefore, would not be subject to order effects.
Pain scores were reported to a member of the study team and not recorded in a blinded fashion, so subjects could have been subtly influenced to respond in ways that were consistent with the study team member's expectations.
We did not plan our sample size to account for the analyses performed involving comparisons within subgroups of sex, race or ethnicity, and primary language. However, we were still able to observe strong convergent validity, known-groups validity, responsivity, and reliability in these subgroups according to our a priori definitions.
A large proportion of our sample was Hispanic or Latino we did not enroll sufficient numbers of children of other races or ethnicities for more definitive analyses.
The use of a priori cutoffs as our criterion for validity and reliability may have resulted in the loss of variance because of recoding of a continuous variable as binary or categorical. As a result, there may have been some potentially meaningful fine gradations within categories that were lost. For example, there might be differences between pain scores of 7, 8, 9, and 10 that may not have been able to be identified because they were grouped and analyzed as the single category of "severe." Finally, our evaluation of reliability could have been affected by asking children whether their pain was "about the same" rather than "exactly the same" or "the same," potentially introducing imprecision into our estimates.
DISCUSSION
In this cross-sectional study, we found that convergent validity, known-groups validity, and responsivity of the Verbal Numerical Rating Scale was strong for children aged 8 to 17 years, as well as for those aged 6 and 7 years. However, the degree of convergent validity was variable for children aged 4 and 5 years. Validity was strong in subgroups based on patient characteristics other than age, except for poor agreement in certain subgroups of race or ethnicity and primary language. Reliability was strong in all subgroups, including by age.
The minimum age at which the Verbal Numerical Rating Scale demonstrates strong validity for both clinical and research use has not been sufficiently studied. 11, 36 The ability to use the scale is related to age, insofar as age is a reflection of children's appreciation that numbers are related to quantity, and their possession of necessary abilities such as seriation, quantity estimation, and classification. 10, 14, [37] [38] [39] The minimum age at which the Verbal Numerical Rating Scale should be used has been frequently posited as 8 years, a cutoff adopted in multiple previous studies. 10, 12, 37, 40, 41 Study of Verbal Numerical Rating Scale scores for children younger than 8 years has been limited, with some evidence obtained in nonclinical (ie, schools) and postoperative settings to suggest that children as young as 6 years may be able to use the scale. [12] [13] [14] Our results corroborate these findings in a *Categories of pain severity: no pain¼0, mild pain¼1 to 3, moderate pain¼4 to 6, and severe pain¼7 to 10. Pain intensity score was obtained by averaging vNRS and Faces Pain Scale-Revised scores. Groups that have a percentage greater than or equal to 80% have strong agreement. † "Other" includes American Indian or Alaska Native, Asian, more than one, and "Don't Know."
clinical setting with patients experiencing acute pain by demonstrating strong Pearson correlations, known-groups validity, and responsivity for children aged 6 and 7 years. We also evaluated the validity and reliability of Verbal Numerical Rating Scale scores for children aged 4 and 5 years, which, to our knowledge, has not previously been reported. Although known-groups validity and responsivity were strong in this youngest cohort, Pearson correlations were not strong when anchor bias was taken into account. Our findings suggest that the Verbal Numerical Rating Scale may be used for most children aged 6 and 7 years to assess pain intensity, change in pain, and presence of pain. However, the scale may be limited for children aged 4 and 5 years to simply identifying the presence of pain and that a change in pain occurred, but not for indicating the magnitude of pain or the degree to which a change in pain occurred. Agreement between the Verbal Numerical Rating Scale and Faces Pain Scale-Revised observed for children younger than 8 years was poor. This finding, when considered in isolation, does not necessarily mean that Verbal Numerical Rating Scale scores have poor convergent validity in this age group. Correlation between 2 scales is commonly used as the sole criterion for determining convergent validity in many studies. 10, 12, 13, 22, 40, [42] [43] [44] [45] [46] For children aged 6 and 7 years, correlation was strong but Table 6 . Absolute difference in Verbal Numerical Rating Scale score for children who reported their pain was "about the same" from the first to second assessment (reliability). *The children who have an absolute difference in vNRS score of less than or equal to 1 may have a difference of any value between, and including, 0 to 1. Children with an absolute difference of less than or equal to 2 may have a difference of any value between, and including, 0 to 2. Children with an absolute difference of greater than 2 may have a difference of any value greater than 2. † "Other" includes American Indian or Alaska Native, Asian, more than one, and "Don't Know."
agreement was poor between Verbal Numerical Rating Scale and Faces Pain Scale-Revised scores. These findings imply that the 2 scales measure the same construct (ie, pain), but do not support interchangeability between them. This means that Verbal Numerical Rating Scale pain scores obtained, or pain management goals expressed, for children aged 6 and 7 years have strong validity but should not be transposed to or compared with norms or scores based on other scales. 10, 47 In addition, the variability in convergent validity observed over the spectrum of age demonstrates how children acquire skills and abilities sequentially: Verbal Numerical Rating Scale and Faces Pain Scale-Revised scores have both poor correlation and agreement for children aged 4 and 5 years, strong correlation but poor agreement for children aged 6 and 7 years, and eventually both strong correlation and agreement for children aged 8 years and older.
When examining validity in subgroups based on patient characteristics, we found that children of black race/ ethnicity and those whose primary language was Spanish demonstrated poor agreement despite demonstrating strong convergent validity, known-groups validity, and responsivity. Although these findings are exploratory, they may be a reflection of how race, ethnicity, and language are associated with the perception and report of pain, and how these differences may become manifest when scores obtained with different self-report measures of pain are compared. 19, 20 Given that the other measures of validity were strong, it is reasonable to still recommend the use of the Verbal Numerical Rating Scale in these subgroups for within-patient comparisons over time, but interchangeability between the Verbal Numerical Rating Scale and Faces Pain Scale-Revised may be limited in these specific subgroups.
The validity and reliability we describe for children younger than 8 years apply only to those who appeared to understand the Verbal Numerical Rating Scale, with the proportion of children who were excluded because of not understanding the Verbal Numerical Rating Scale decreasing with increasing age. We applied a rudimentary criterion for inclusion and did not formally screen children to determine whether they had the appropriate numeric skills presumed to be prerequisite for use of the Verbal Numerical Rating Scale, as has been done in previous studies. 13, 14 Therefore, it is possible that we included children in analyses who did not have the appropriate numeric skills to use the Verbal Numerical Rating Scale. However, we intentionally chose this method of screening patients because we believed that it best represented a typical clinical encounter in which providers often do not have the skills, time, or resources to carry out a formal screening process before conducting a pain assessment. Despite this limitation, there was still strong known-groups validity and responsivity demonstrated for children aged 4 to 7 years, and strong convergent validity for children aged 6 and 7 years. Therefore, for children younger than 8 years of age who passed our rudimentary screen of comprehension, the validity and reliability of the Verbal Numerical Rating Scale appear sufficiently strong for use for children aged 6 and 7 years, but limited in those aged 4 and 5 years, as discussed above.
We demonstrated a strong degree of test-retest reliability across all subgroups of patient characteristics, but not for children whose initial pain score was 4 to 6 out of 10. Poor reliability in scores representing moderate pain intensity may be due to opportunities for larger variations in scores in the middle compared with the ends of the scale, or greater variability between individuals in their interpretation of moderate-intensity pain compared with the more intuitive and straightforward constructs of no pain or severe pain. This finding warrants caution when reported changes in pain score are interpreted, as well as the incorporation of other subjective measures of change in pain (eg, satisfaction with analgesic administered, desire for additional analgesics), for children who report pain scores usually associated with moderate pain intensity.
In summary, the Verbal Numerical Rating Scale demonstrated strong convergent validity, known-groups validity, responsivity, and reliability for children aged 6 to 17 years. Convergent validity was not strong for children aged 4 and 5 years, but other measures of validity and reliability were strong in these years of age. Our findings support the use of the Verbal Numerical Rating Scale for most children aged 6 years and older, but not for use in those aged 4 and 5 years.
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